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Abstract— The aim of the study was to investigate the partial and complete substitution of imported 
soybean meal (SBM) with Fava bean seeds (FBS) in Awassi male lambs (S) and local Baladi goat kids (G) 
rations and the consequences on body performance. Fifteen growing lambs and 15 growing kids, with an 
initial bodyweight of 23.09 and 14.90 kg with 100 days of age, respectively, were fed cotton-seed meal 
(CSM), wheat bran and corn-based diet supplemented with protein legume sources, 75% FBS :25% SBM 
(S75 & G75), 0O% FBS :100% SBM (S100 and G100-positive control) and 100% FBS :0% SBM (SCO & 
GC0- negative control). Awassi lambs of all groups had comparable average feed intake (FI) accumulating 
between 43.9 and 49.4 kg/head and live body weight gain (LBWG) between 6.5 and 10.9 kg/head. Whereas 
local Baladi goat kids attained a cumulative LBWG levels of 5.7 and 3.96 kg/head and cumulative FI of 
28.2 and 29.7 kg/head. Feed conversion ratio (FCR) for lambs attained the best results in group S50 
(3.92) and the least in S100 (6.82) and for kids 7.14 in G100 and 5.25 in G75 groups. Feeding group S50 
with 50% FBS and 50% SBM in based-ration gave more profit 17.2% than all other groups in comparison 
with SCO. On the other hand, G75 gave the highest profit by 19.15% in goat kids. Most notably, omitting 
soybean meal with or without additional protein legume as fava bean seeds replacements resulted in 
comparable high-body performance level. 
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I. INTRODUCTION ruminants and nonruminants (Burel et al., 2000; Bonomi, 
2005; Moschini et al., 2005; Masoero et al., 
2006; Vandoni et al., 2007; Keller et al., 2021). Demand 
for pulses for stock feed both locally and in export markets 
is likely to have a major influence on prices. Pulses are 
valuable stock feeds because of their high protein levels 
and palatability (Henchion et al., 2017). They can be used 
as part of intensive livestock rations or as supplements for 
stall reared stock. In some countries lupines are generally 


The need for alternative protein sources to soybean meal 
(SBM) in domestic animal feeding has recently gained 
focus. The main reasons include the attempt to limit SBM 
import from extra-EU Countries, which represents a 
negative voice of the commercial balance; an effort to 
decrease costs of animal production and contemporarily 
reduce the loss of N-compounds in the environment and 
the search to prevent the presence of GMO (Genetically 
modified foods) in the food chain (Wilkins and Jones, 


2000; Mordenti and De Castro, 2005; Formigoni er al., higher protein, higher fiber and lower starch levels, but 
peas and fava beans (FBS) are also useful and are 


commonly used overseas (Zagorakis et al., 2018a). Pulses 


the preferred pulse for sheep and cattle because of their 


2007). Among the possible protein sources, lupins, peas 
and fava beans (Vicia fava L.) were successfully used in 
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are used in intensive rations to provide energy and 
essential amino acids for growth (Beigh et al., 2017; 
Poutanen, 2022). 


Small ruminant’s production contributes to the 
livelihoods of a large number of farmers and accounts for 
28-58 % of agricultural output in the Middle East (Iniguez, 
2005). In Lebanon small farmers in marginal lands, where 
milk constitute an important source of income (Hosri and 
El khoury, 2004; De Rancourt et al., 2006; Hosri, et al., 
2016), mainly conduct it. Awassi lamb-fattening and goat- 
fattening systems in Middle Eastern countries are popular 
because they can rapidly generate income. Nevertheless, 
feed costs constraining these systems and seasonal 
fluctuations in feed prices expose farmers to risk. Despite 
the important relative size of the small ruminant’s flock in 
Lebanon (330000 head of sheep and 450000 head of goats 
(FAO, 2010), the sector is facing many difficulties. 


The outbreak of BSE in the 1990s caused proteins 
of animal product to be banned as feed, but now it will be 
permitted for non-ruminants (Minchin, 2021). A large 
integrated Project called “Grain Legumes” is combining 
the efforts of scientists from 18 countries in order to make 
legume crops more competitive for European agriculture, 
using the latest progress in genomics and ranging from 
plant improvement and crop management to feed 
processing. Existing protein sources are primarily hindered 
by their negative environmental impacts with some 
concerns around health. However, they offer social and 
economic benefits, and have a high level of consumer 
acceptance (Henchion et al., 2017; Małecki et al., 2021) 


Duc (1997), Haciseferogullari et al. (2003), 
Hossain and Mortuza (2006), Crepon et al. (2010); Yah 
Konfor (2013) and Mayer Labba et al. (2021) published 
that the nutritional value of fava bean has always been 
traditionally attributed to its high Protein content, which 
ranges from 27 to 34% depending on genotypes, Oil, 1.2 g; 
Crude Fiber, 5.1 g; Starch, 51 %; Sugars, 5 %; Iron, 4.2 
mg; Thiamin, 0.45 mg; Riboflavin, 0.19 mg; Niacin, 2.4 
mg; Energy, 328 kcal. Most of these proteins comprise of 
globulins (79%), albumins (7%) and glutelins (6%). In 
addition, Berrazaga et al. (2019) found that the nutritional 
value of fava bean was 87 and 31% for DM and CP, 
respectively. Legume seeds contain several comparatively 
minor proteins including trypsin inhibitors, lectins, 
lipoxygenase and urease, which are relevant to the 
nutritional quality of the seed (Bartsch and Valentine, 
1986; Halmemies-Beauchet-Filleau, 2018). 


Hanbury et al. (2000), Yin et al. (2011), Watson 
et al (2017), Yaacoub and Al Jammal (2018), Yaacoub et 
al. (2018), Halmemies-Beauchet-Filleau (2018), Lestingi 
et al. (2019), Ibáñez et al. (2020) and Parisi et al. (2020) 
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reported that, to reduce reliance on imported soybean meal 
(SBM) in temperate environments, fava bean might be 
alternative protein sources for small ruminant diets. Surra 
et al. (1992), El Maadoudi (2004), Delmotte and 
Rampanelli (2006) noted that Fava bean is highly palatable 
for lambs, which prefer it to barley. In lambs, including 
fava beans up to 50% in the diet did not affect meat quality 
when compared to soybean meal Antongiovanni et al. 
(2002), Lanza et al. (2007) and Emiola and Gous (2011). 
Mullan (2001), FAO (2002), Connell and Hafi (2003), 
Mukherjee et al. (2016), Sedláková et al. (2016), Addisu 
(2016), Shi et al. (2017), Naumann et al. (2017), Choi et 
al. (2019), Samtiya et al. (2020), Te Pas et al. (2021), 
Mazumder et al. (2021), Mayer Labba et al. (2021) and 
Landi et al. (2021) stated that bean, chickpeas and lupine 
cultivars grown in most countries of the World tend to 
have now low tannin, vicine and covicine in their seed 
coats. Cerioli et al. (1998) and Shi et al. (2017) concluded 
that the bean has a lower content of trypsin inhibitors than 
the soybean and no urease activity but contains more 
tannins. Aplocina and Veipa (2015) reported that fava 
beans could be used in dairy rations at inclusion levels of 
up to 35%. 


To our knowledge, the present study is among the 
firsts to focus on the effect of feeding FBS (fava beans) on 
body performance in Lebanese local “Baladi” goat and 
Awassi sheep breeds in fattening production. Therefore, 
data on the effect of FBS on body performance of fattening 
and meat quality of locally reared small ruminants are 
scarce. 


The aim of our experiment was to evaluate the 
influence and feasibility of replacing totally or partially 
soybean meal with fava beans in rations fed to weaned 
lambs and kids of local Awassi sheep and local goat breeds 
(Baladi) on health and some traits of body performance. 


Il. METHODOLOGY 


This experiment was divided into 2 trials: Trial I was 
conducted at “Jarrah sheep farm” at West Bekaa/Lebanon 
5 Km of Zahleh (Bekaa district), 75 km from 
Beirut/Lebanon during May-June 2015. Relative humidity 
(RH %) and environmental temperature (T°C) that were 
recorded during this period of the year ranged between 
50.3 - 76.9 and 26.6 - 24.6, respectively. Fifteen weaned 
Awassi male lambs weighing 23.33 + 0.52 kg started a 
fattening experiment at the age of 100-120 days. The 
lambs were born with an average birth weight (BWT) of 
4.23 + 0.73 kg. Trial II was conducted during May-June 
months- 2015 for eight consecutive weeks on weaned male 
kids of local “Baladi” goat kids in Bziza at “Ghattas 
animal farm” in North-Lebanon (North district) 100 km 
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from Beirut. Relative humidity (RH %) and environmental 
temperature (T°C) that were recorded during this period of 
the year ranged between 57.6 — 79.1 and 28.5 - 25.1, 
respectively. Fifteen Kids with 13-14 weeks of age were 
fattened having an average live body weight (LBW) and at 
the beginning of the experiment (data collection) of 14.90 
+0.259 Kg. 


At the beginning of the trial and with the 
initiation of the preparatory period, (2 weeks) animals 
were dipped and treated for all kinds of helmentic worms. 
Besides, they were ear tagged and vaccinated against 
Anthrax and FMD; Albendazole was administered with 
drinking water as prevention for digestive tract parasites. 
Veterinary inspection was repeated every week where 
intramuscular injections of multivitamin dozes (A, D & E) 
were administered. The animals were in good health 
(veterinary examination). 


All experimental animals (Trials I & ID) were 
distributed randomly into five groups by 3 animals each 
under typical ecological and management conditions of 
environment (humidity and temperature) and fed five 
experimental rations as shown in Table 1. A combination 
(1:1) of good quality wheat straw and green hay was fed 
ad libitum; clean fresh water and mineral blocks (lickers) 
were available all the time inside the animal pens (2 x 2 
m’/group). Each animal-group was fed daily free choice 
forage feeds and around one and a half kg of the 
experimental mix-rations in feeding troughs and fresh 
water. All rations were isocaloric (2.9 Kcal/kg ME) and 
adjusted to the same level of crude protein (17%) as 
recommended by NRC (1989) and based on cotton seed 
meal (CSM), wheat bran and corn, fed continuously with 
different levels of Soybean meal (SBM) : Dry milled Fava 
bean seeds (FBS) for the whole experimental period. 


Animals were assigned to the following five 
experimental rations (See table 1): The basal ration was 
adjusted to the recommended requiremnts of crude protein 
and energy by adding different levels (%) of cotton seed 
meal (CSM), wheat bran, corn and supplemented with 
different combination of soybean meal (SBM): fava bean 
seeds coarsely milled (FBS). 


e Experimental groups - $25 (Sheep) & G25 (Goat) 
where FBS partially replaceing 25% of the SBM 
is added to the basal ration (25% FBS: 75% 
SBM). 
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e Experimental groups - S50 (Sheep) & G50 (Goat) 
where FBS partially replacing 50% of the SBM is 
added to the basal ration (50% FBS: 50% SBM). 

e Experimental groups - S75 (Sheep) & G75 (Goat) 
where FBS partially replacing 75% of the SBM is 
added to the basal ration (75% FBS: 25% SBM). 

e Experimental groups - S100 (Sheep) & G100 
(Goat) where FBS totally replacing 100% of the 
SBM is added to the basal ration (100% FBS: 0% 
SBM). 

e Experimental control groups - SCO (Sheep) & 
GCO (Goat) where this control ration was 
composed of 100 % SBM and no inclusion of 
FBS supplementing the basal ration (0% FBS: 
100% SBM). In addition, this ration represents 
commercial feeding in fattening lambs and kids 
used at the Lebanese farms following the indoor 
keeping system. 

Roughages (commercial wheat straw and green 
hay) were fed free choice. Experimental concentrate 
mixtures were fed starting with half kg/head daily 
(average) and adjusting the amounts given as the animals 
progressed in growing (in calculation to 3% of live body 
weight). Since it was very difficult to construct animal 
pens with individual feeding boxes, it was agreed to have 
group- feeding (3 lambs and 3 kids in each group with one 
common feeding trough). In order to know properly the 
amount of concentrate mix to be fed daily to each group 
during the whole week, it was allowed to adjust the 
amount once per week in the morning after each weighing 
by multiplying the 3% of the highest live body weight in 
each group by 3 (animals) and by 7 (days) and then at 
feeding time one of seven equal proportions was 
distributed in each animal group for seven consecutive 
days of the week. Half of the daily concentrate-mixn was 
offered in the morning and the other half in the late 
afternoon. 


It was very significant to have knowledge of the 
cost price of the different ingredients used in the daily 
rations to figure out any profit in using them. Table 1 
shows the actual prices in $USD paid ($/ton) for 
purchasing the ingredients during April-May months of the 
2015 year prices at the Lebanese market and the 
calculations per ton of the rations prepared ($/Ton). 


Table 1. Experimental concentrate-rations composition (% as fed basis) fed to lambs and kids 


ISSN: 2456-1878 (Int. J. Environ. Agric. Biotech.) 
https://dx.doi.org/10.22161/ijeab. 74.24 


218 


Yaacoub 


International Journal of Environment, Agriculture and Biotechnology, 7(4)-2022 


$25/G25 S50/G50 S75/G75 | $100/G100 | SC0/GCO (Control) 
Cost price of Ingredients 75% 50% 25% 100% FBS 100% SBM 
Ingredients ($/ton) SBM+ SBM+ SBM+ 
25% FBS 50%FBS 75% FBS 
600 SBM 11.1 7.4 3.7 0.0 14.8 
325 CSM 7.4 10.0 13.0 15.8 5.1 
350 FBS 3.7 7.4 11.1 14.8 0.0 
150 Wheat bran 16.0 15.0 12.7 12.3 14.7 
250 corn 61.7 60.1 59.4 57.1 65.4 
Total 100.0 100.0 100.0 100.0 100.0 
CP 17.9 18.0 17.9 17.9 18.0 
ME Mcal/kg 2.85 2.52 2.94 2.28 2.96 
Cost price of 282 276 271 264 291 
rations ($/ton) 


Refused feeds (what was left behind in the feeding 
troughs) from each pen if existeded were collected, 
weighed and recorded each week in the morning before the 
start of group-feeding. The trial proceeded for 8 weeks 
(collection of samples for analyses) after a preparatory 
period of 2 weeks to become adapted and acclimatized 
with the new experimental conditions. 


Measurement of samples and calculation of Variables. 


e Before initiation of the experiment, all 


concentrate-rations under investigation were 
chemically analyzed (percentage) for (AOAC, 
1995): Dry matter (DM) content of the ration and 
each ingredient used; crude protein (CP); ether 


extract (EE); crude fiber (CF); ash. 


e Health problems were inspected daily for 
indigestion and possible malnutrition and levels 
of mortality (if exist). 


e Live body weights of each animal were recorded 
using typical balances: At the beginning of the 
preparatory period; at the initiation of the 
experiment; at the beginning of each week; at 
slaughter. 


e The weekly cumulative feed intake in each group 
(wcFI/group) which is the total feed intake during 
the completely experimental period (8 weeks) 
was calculated by accumulating the weekly feed 
(wFI) intakes for each group. 


e Weekly live body weight (wLBW) of each animal 
was measured at the start, end and during the 
experimental period on weekly basis (in the 
morning before feeding). 
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e Cumulative live body weight gain (CLBWG) was 
calculated by accumulating weekly LBW for the 
whole period or by subtracting the initial weight 
at the beginning of trial (Wo) from the final 
weight (Wp). 


e Feed conversion ratio (FCR) at the end of the trial 
in each group was achieved by dividing total feed 
intake for the 8 weeks (FI) by total LBWG for the 
whole period. 


Feasibility study and profitability calculations 


Feasibility calculation of using the ingredients 
in concentrate mix rations containing SBM with/without 
FBS and meat profitability was achieved to show whether 
it is feasible and profitable using FBS, taking into 
consideration prices paid during May-June/2015 (Table 2). 


Statistical analysis 


Data were analyzed using the analysis of variance 
(ANOVA) procedure (Statistica, 2020). The experimental 
design was a randomized block design, with three 
replicates per treatment (3 x 5). Analysis of variance 
techniques were used to assess the statistical significance 
(P<0.05) of treatment effects. Feed intake (FI) and food 
conversion ratios (FCR) in each animal group were 
analyzed as apparent feed intake (aFI/head) and apparent 
feed conversion ratio (aFCR/head). Interaction and 
comparison among means was tested using the All Pair 
wise Multiple Comparison Procedures (Bonferroni test 
method) at a level of 5% significance. Mean + SD (Mean 
values of the traits + Standard Deviation) is used in all 
obtained statistical studies. 
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Ill. RESULTS AND DISCUSSION 
Animal health and feed palatability 


No health problems were noticed. The animals were in 
good health, no signs of indigestion or diarrhea or any 
blood signs in manure were observed. Moreover, the 
appetite as observed in all groups was acceptable where no 
left behind ration remaining was collected. The feed intake 
(FD by all lambs and kids in all groups fed the different 
rations was 100 % palatable (personal observations). 


Experimental animals and feeding. 


Random distribution of all lambs resulted in 
almost equal average weight among the five animal 
groups. The difference in the average initial Live Body 
weight (23.09 + 0.52 kg) was statistically insignificant 
(P>0.05), where it ranged from the lowest as 22.8 + 0.70 
kg in group S100 and the highest as in S50 (23.70 + 0.60 
kg). Moreover, results obtained show that the difference in 
the initial kids live body weight (LBW) of all experimental 
animals (14.90 + 0.259 Kg) were statistically non- 
significant (P>0.05) calibrating from 14.77 kg in GCO 
(control group) to 15.03 kg as in group G25. 


The results of the proximate chemical analysis 
analyzed on _ concentrate-ration samples before the 
initiation of the experiment, coincides with the proposed 
rations constructed where CP, EE, CF, Ash and calculated 
ME did not exceed 18%, 5.2%, 13%, 5.6% and 2.96 
MCal/kg, respectively, as fed basis. Note that this was in 
agreement with the nutrient requirements of small 
ruminants as proposed by NRC (1989). 


The amount of concentrate mix fed to lambs and 
kids for the whole period of the experiment did not exceed 
49.35 and 30 kg/animal group respectively. In 1“ week, the 
apparent daily feed intake (adFI) per animal in all groups 
averaged to 703 and 450g whereas, at the end of 8 week 
this value increased to 959 and 550g/head respectively, as 
3% of live body weight recalculated as an average after 
weighing all the animals at the beginning of each 
proceeding week. 


Measurement of samples and calculation of Variables. 
Feed Intake (FI) 


Data obtained show the weekly average variation in lambs 
(P<0.05) and kids FI (P>0.05) among groups from 1* 
week until the end of the experiment. The highest waFI for 
the 8 weeks was registered in group S50 (6.17 kg/head) vs 
G75 (4.3 kg/head) and the lowest in group S100 (6.17 
kg/head) vs G100 (3.9 kg/head). This might be related to 
the fact that as Fava bean seeds (FBS) increases in the 
ration, FI decreases as in animal group G100 and the best 
was optimized in group G75 whose animals were 
consuming SBM on the level of 25 % of FBS in 
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concentrate mix. Close to, this level was observed in 
animal group GCO where FBS was not added (0 %). One 
explanation to this tendency is the complementary factor in 
both ingredients making them when mixed together more 
convenient for the goats to consume more and gain more 
making the diets more palatable. 


The highest overall feed intake (FI) at the 
termination of the experiment was obtained (Fig. 1) in 
group S50 (49.35 kg) significantly higher (P<0.05) than 
S100 (43.94 kg) and S25 (45.94 kg) with a tendency to be 
higher (P>0.05) in groups S75 (47.34 kg) and SCO (46.82 
kg). In other words, animals of group S50 that consumed 
ration consisting of 50% FBS and 50% SBM was higher 
by 7.4%, 4.2%, 12% and 5.4% than that in S25, $75, S100 
and SCO, respectively. In relation to kids G100 attained the 
least values by 28.2 kg and the highest in G75 (29.7 kg) at 
the end of the experiment (P>0.05). Once more this might 
be related to the fact that rations fed to animal-group G100 
did not contain SBM and only 100 % FBS making the 
consumption of rations for goats lower than any other 
legume-ingredients combination. As SBM decreases and 
FBS increases in rations we observe an increase (P>0.05)) 
in feed intake as in G25 (28.7 kg), G50 (29.3 kg) and G75 
(29.7 kg). Most properly that inclusion of big amounts of 
FBS in rations fed to goat kids has a positive effect on feed 
consumption relating this to the good flavor and taste and 
anti-nutritional factors contained in Fava bean. 


55 


45 


40 


Overall FI at slaughter, kg/head 


S25 $75 


SCO (Control) G50 G100 
$50 $100 G25 


G75 GCO (Control) 
groups 


Fig.l. Overall feed Intake (FI, Kg/head)-Lambs Vs Kids 


Live body weight (LBW). 

Results (Fig. 2) observed at the end of eighth (end of the 
experiment) weeks showed a significant increase (P<0.05) 
in average animal weight of S50 group (4.59 Kg) where 
animals received 50% FBS and 50% SBM in comparison 
with S100 (29.22 Kg) where animals did not receive SBM 
in concentrate mix. Moreover, Group S50 recorded the 
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best body weight increase among all groups. This shows 
that feeding concentrate mix containing different 
combinations of SBM: FBS to lambs gives better results 
than feeding animals with mix containing SBM or FBS 
alone. 


38 


36 


34 


32 


30 


28 


26 


24 


Overall LBW at slaughter, kg/head 


S25 S75 SCO (Control) G50 
100 G25 


G100 
G75 GCO (Control) 
groups 


Fig.2. Live body weight at the end of the experiment, 
Kg/head- Lambs Vs Kids 


It was very important to notice from figure 2 that 
as SBM decreases in combination with FBS higher 
weights were obtained as in group G75 vs G100 whose 
animals consumed daily rations without SBM addition. 


Despite the fact that Live body weight of kids at 
the end of the experiment attained the highest level in 
animal group G75 (20.7 kg/head) but it did not show any 
significant differences with the remaining animal groups, 
G25, G50, G100 and GCO attaining the average/animal 
19.34 kg, 20.21, 18.76 and 19.97 kg, respectively 
(P>0.05). It seems that concentrate mix containing any 
combination of SBM to FBS has more palatability and at 
the same time more digestibility in animal digestive tract 
and consequently in all over nutrient metabolism of the 
body resulting in higher LBW values. This reflects the fact 
that neither antinutritional factors nor any toxins found in 
FBS influenced negatively the absorption of nutrients from 
the body gastro-intestinal tract from stimulating the 
animals to gain more weights. It is worthy to point out the 
fact that great (P<0.05) body weight (32.9 kg) was 
obtained in animal group SCO than $100 (29.2 kg) but did 
not exceed the results (P>0.05) obtained in group S50 
(34.6 kg) and S75 (33.8 kg). 


Overall live body weight gain (LBWG). 


Results show that the overall differences in the overall live 
body weight gain. Animals of group S50 (50% SBM: 50% 
FBS) kept in increasing in body weight (P<0.05) where 
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they accumulated 5.8 kg/1* month Vs 4.1, 3.2 and 4.8 
kg/1“ month in groups $25, S100 and SCO, respectively 
followed by 5.2 kg/1“ month in group S75 (P>0.05) . It 
seems that the best combination used in the experimental 
ration was in concentrates mix fed to group S50, where the 
highest results were obtained. This variable for group S50 
continued to increase in the same pattern reaching the 
highest LBWG at the end of the 2"! month where the 
experiment was terminated attaining the level of 10.9 kg vs 
8.5 and 6.5 kg in groups $25 and S100 (P<0.05), 
respectively and 10.8 and 9.9 kg in groups S75 and SCO 
(P>0.05), respectively. As it is shown in Figure 3 animals 
of group G75 that were fed a ration containing 25% SBM 
and 75% FBS gained the highest weight (LBWG) at 
slaughter attaining the level of 5.68 kg in comparison with 
G100 (P<0.05), G25 (P>0.05), GCO and G50 (P>0.05) by 
3.96 kg, 4.3 1kg, 5.20 kg and 5.32 kg, respectively. 


Overall LBWG at slaughter, kg/head 


SCO (Control) G50 G100 
100 G25 G75 GCO (Control) 


groups 


Fig. 3. Overall LBWG, kg/head- Lambs Vs kids 


Feed conversion ratio (FCR) 

The most negative results accumulated (P<0.05) at the end 
of the experiment, as shown in figure 4 was in S100 (6.82) 
in comparison with S25 (5.39) [P>0.05], SCO (4.74) 
[P<0.05], S75 (4.39) [P<0.05] and the most efficient S50 
(3.92) [P<0.05]. Note that this decrease in the efficiency of 
feed conversion to meat at the 8" week of the experiment 
was significantly (P<0.05) greater in group G100 (7.14) 
than G50, G75 (the most efficient) and SCO attaining the 
levels of 5.54, 5.25 and 5.63 respectively. Moreover, 
results achieved at the end of the experiment in groups 
G25 (7.68) and G100 (7.13) were almost insignificantly 
the same (P>0.05). 
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Overall FCR 


SCO (Control) G50 G10! 
S50 S100 G25 


groups 


Fig. 4. Overall FCR — Lambs Vs Kids 


Once more it was shown that rations containing 
no SBM like in group G100 have negative effect on 
conversion of rations to meat by eating more feeds and 
gaining less weight. On the contrast treatment G75 and 
S50 whose animals were fed rations containing only 25% 
and 50% of SBM with 75% and 25% FBS has maximum 
positive effect on conversion of feeds to meat, 
respectively. 


Feasibility study 


The results obtained from figure 5 show that feeding FBS 
with combination with SBM as 50: 50 % as in groups S50 
S75, G50 and G75 gave the best and higher results. 
Moreover feeding FBS (S100 and G100) as the sole 
legume ingredient did not succeed in giving more profit 
than other animal groups. Besides feeding rations 
containing 50 % FBS: 50 % SBM and 75 % FBS: 25 % 
SBM gave better profit than feeding with 25 % FBS: 75 % 
SBM. More over, fugure 5 shows the cost price ($) of 1 kg 
of mutton and goat meat. The most inexpensive meat was 
recorded for group S75 (1.38 $/1 kg mutton) followed by 
S50 (1.42), SCO (1.47), S25 (1.67 $), respectively. The 
most expensive lamb meat was registered in S100. On the 
other hand, data obtained from the cost price of 1 kg of 
meat was higher concerning goat meat where the highest 
was noted in animal group G100 (2.26 $) followed by G25 
(2.07 $). In the same context the lowest was achieved in 
G75, G50 and GCO by 1.65 $, 1.73 and 1.75 §, 
respectively. 
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Fig. 5. Overall cost-price ($/1 kg of meat) - Lambs Vs kids 


Feeding and Growth Performance 


The choice of selecting Fava Beans as a replacement for 
SBM in our experiment agreed with the findings of many 
researchers as they proposed various species of home- 
grown grain legumes, such as pea, fava bean, and lupin 
that represent strategically important alternatives to 
soybean. They are widely available in Mediterranean areas 
and increase the sustainability of crop—livestock systems 
by safeguarding soil fertility and reducing greenhouse gas 
emissions and use of nitrogen fertilizer (Bonanno et al., 
2012; Calabro et al., 2015). Recently, Calabro et al. (2015) 
noted in their studies that seed legumes have been regarded 
as alternatives to soybean as sources of protein in animal 
feeding owing to disputes about the use of genetically 
modified organisms (GMOs). In addition, Bonanno et al. 
(2012) considered that legume grains have attracted 
attention as alternative vegetable protein components for 
feedstuffs that are used in organic production of meat. The 
acceptability of fava bean seeds as partial or full 
replacement for soybean meal in fattening small animals 
(growing lams and kids) feeds was investigated in this 
study. Of interest was whether a significant trend in 
performance would be evident as a result of the changing 
proportions of soya and fava beans in the experimental 
feeds, and whether the animals would consume one of the 
rations excessively in preference to the other. The results 
suggest that the nutritional quality of the five rations for 
lambs as well as kids was sufficiently similar in all 
respects such that performance was the same on all 
experimental feeds, and neither of the rations was 
excessively consumed in preference to the other. 


Metabolizable energy (ME) value calculated for 
all rations containing FBS and SBM was almost identical 
to the analyzed value (2.28-2.96 Mcal/kg). Moreover, the 
crude protein content of the lambs and kids rations 
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(~180g/kg) measured in Trials I and II was in good 
agreement with the values reported by Committee on 
Animal Nutrition (2007). 


Good results were obtained from experiments on 
Awassi sheep and Sannen kids conducted by Negesse et al. 
(2001), Muruz et al. (2017), Burçak and Yalçın, (2018), 
Yaacoub and Aljammal (2018), Yaacoub et al. (2018), 
Ramos et al. (2019) and Yateem et al. (2021) in using the 
same levels of energy and protein in their experiments in 
comparison with the levels that were used in our trials. In 
the same context, Surra et al. (1992) conducted two 
experiments on weaned lambs feeding in rations lentils 
(Vicia ervilia) and faba (Vicia faba) beans were substituted 
(50% or 100%) for soybean cake in diets for weaned 
lambs. Substituting fava beans for soybean cake had no 
effect on performance of lambs. 


Feed Intake 


Lamb animals of group S50 that consumed ration 
consisting of 50% FBS and 50% SBM was higher by 
74%, 4.2%, 12% and 5.4% than that in S25, S75, S100 
and SCO, respectively. The highest cumulative feed intake 
(cFI) at the termination of the experiment was in group 
S50 (49.35 kg) significantly higher (P<0.05) than S100 
(43.94 kg). As for kids the overall accumulation of feed 
intake for the whole period of the experiment was the 
highest in goat kids group G75 attaining the level of 29.7 
kg at the end of the experiment (P>0.05). Whereas the 
daily average of FI for the complete period calibrated 
between 0.96 kg/head/day for Awassi lambs and 0.59 
kg/head/day for Baladi goat kids. 


Once more, this might be related to the fact that 
rations fed to animal-group G100 did not contain SBM and 
only 100 % FBS making the consumption of rations for 
goats lower than any other legume-ingredients 
combination. As SBM decreases and FBS increases in 
rations we observe an increase (P>0.05)) in feed intake. 
Most properly that inclusion of big amounts of FBS in 
rations fed to goat kids has a positive effect on feed 
consumption relating this to the good flavor and taste and 
anti-nutritional factors contained in Fava bean. Generally, 
the type of dietary legume supplementation has no effect 
on growth, animal health and feed palatability in both 
lambs and kids as well, where no health anomalies or 
malnutrition were noticed. Whereas no left behind 
concentrated mix was collected in all over the period of the 
two trials. 


In the present experiment feed intake in both 
trials increased linearly with fava bean inclusion, 
suggesting that the animals needed to consume more of 
this ingredient to meet their nutrient requirements in 
energy and protein. Similarly, feed intake is unlikely to 
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increase with fava bean content, as it did in our trials, if 
there is a toxin present in the fava beans. Giovanni (1984), 
Surra et al. (1992) and Massimiliano et al. (1999), 
observed the same increase in concentrates intake 
containing Fava bean. The latter suggested that the level 
and activity of anti-nutritive factors in Fava bean, mainly 
tannins, have less effect on ruminants than monogastric 
animals. 


In reference, our achieved results coincides with 
the findings of Surra et al. (1992), Caballero et al., 1992, 
El Maadoudi (2004), Delmotte and Rampanelli (2006) and 
Lanza et al. (1999, 2007, 2011) noting that fava bean is 
highly palatable for domastic small ruminants, which 
prefer it to barley. In growing lambs and fattening sheep 
and goats, including fava beans in isoprotein and 
isoenergetic diets in substitution for soybean meal did not 
affect intake, performance and digestibility. They also 
added that in lambs, including fava beans up to 50% in the 
diet did not affect meat quality when compared to soybean 
meal. The use of a diet based largely on fava bean for 
fattening lambs resulted in growth and meat characteristics 
similar to the most frequently used diets containing 
soybean meal as the main source of protein. 


Nevertheless, all the results obtained from our 
research confirmed the findings of Kung ef al. (1991), 
Murphy & McNiven (1994), Stanford et al. (1996), Vicenti 
et al. (2009), Facciolongo et al. (2014, 2015), Lestingi et 
al. (2015a, 2015b, 2016), Yaacoub and AlJammal (2018) 
and Yaacoub ef al. (2018). In their earlier studies, they 
confirm the use of diets that incorporated fava bean, alone 
and in mixtures, as alternative protein sources to soybean 
in feeding for fattening lambs and kids that did not 
negatively affect the in vivo performances or carcass yield 
and quality. The absence of negative effects on intake, 
growth, and carcass quality, when replacing SBM with 
fava beans, support the results of previous studies with 
Simmental bulls fed a maize-silage based diet (Keller et 
al., 2021) and Marchigiana bulls fed a diet with >550 g 
concentrate/kg total diet DM (Cutrignelli et al., 2008a; 
2008b). 


Live body weight (LBW) and Live body weight gain 
(LBWG) 


Overall, average weekly gain for lambs and kids (around 
172 and 107 g/day/head, respectively) was substantially 
comparable with the one found in similar previous 
experiments (Caballero et al. 1992; Lanza et al. 2003b; 
Loe et al. 2004). In addition, carcass weights at the end of 
the trials were not affected by dietary treatments. The 
average values attained for lambs the levels of 32.4 and 
kids 19.8 kg/head) were higher compared to those (<17 kg) 
reported in previous similar experiments where these 
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differences can be probably attributed to different 
slaughter ages (Lanza et al., 2007). More over, Loe et al. 
(2004) did not observe significant differences in carcass 
weights from lambs fed diets with different peas 
proportions as well as Surra et al. (1992) and Purroy et al. 
(1992) between lambs fed diets including different 
proportions of fava bean and those fed soybean meal-based 
diets. Carcass classification according to European 
regulations showed favorable acceptability by local 
markets with medium fat coverage and good or optimal 
muscular conformation. Diets with alternative legume 
seeds, such as peas and fava bean, did not adversely affect 
growth performance compared to soybean meal diet. 
Difference in the initial LBW between Awassi lambs and 
Baladi kid goats was related to the difference in species 
where, Baladi kids (14.9 + 0.259 kg ) were lower in LBW 
than Awassi lambs (23.1 + 0.52 kg) of the same age. 
Despite this fact feed intake was significantly (P<0.05) 
correlated (r =1) to LBW taking into consideration the size 
of the animal. Distribution of all animals were equal 
(P>0.05) in live body weight in reference to the species 
used (Sheep and goats). In agreement, Cutrignelli et al. 
(2008a, 2008b) observed a lower live body weight (LBW) 
at an earlier fattening period for animals fed fava beans 
instead of SBM, possibly due to limited rumen 
undergraded protein (RUP) supply. However, in the 
present study, significant differences were found in growth 
performance at earlier growing periods and continued to 
the end of the trial especially in $100 and G100 (100% 
FBS) Vs S50 and G50 (50% FBS: 50% SBM) and S75 and 
G75 (75% FBS :25% SBM). This fact revealed that, fava 
beans in appropriate combination with SBM seem to be an 
applicable replacement for SBM in the diets of fattening 
sheep and goats. Even though S50 showed, an intensive 
decrease in weekly live body weight gain (waLBWG) 
from week one to week three, where it continued until 
week six, we noticed better absolute average live weights 
at the end of the experiment. No explanation was found to 
clarify this phenomenon; a combination of soybean meal 
and fava seed meal fed together with daily rations gives 
better results. Whereas feeding solely SBM or FBS result 
in lighter weights and minimum body weight gains. 


Once more results show that a combination of 
soybean meal and fava seed meal fed together with daily 
rations gives better results. Whereas feeding solely SBM 
or FBS result in lighter weights and minimum body weight 
gain. 

The cumulative live body weight gain (CLBWG) 
initiated with the end of the 1* week increased from week 
to week attaining the highest score after one week of the 
initiation of the experiment to increase (P<0.05) by 1.6 
kg/week in group S50 Vs 0.9 kg/week, 1.2, 0.7 and 1.2 
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kg/week in groups $25, S75, S100 and SCO, respectively. 
Animals of group S50 (50% SBM: 50% FBS) kept in 
increasing in body weight (P<0.05) where they 
accumulated 5.8 kg/1* month Vs 4.1, 3.2 and 4.8 kg/1* 
month in groups S25, S100 and SCO, respectively followed 
by 5.2 kg/1* month in group S75 (P>0.05). It seems that 
the best combination used in the experimental ration was 
in concentrates mix fed to group S50, where the highest 
results were obtained. This variable for group S50 
continued to increase in the same pattern reaching the 
highest cLBWG at the end of the 2™ month where the 
experiment was terminated attaining the level of 10.9 kg 
vs. 8.5 and 6.5 kg in groups S25 and S100, respectively 
and 10.8 and 9.9 kg in groups S75 and SCO (P>0.05), 
respectively. Animals of group G75 that were fed a ration 
containing 25% SBM and 75% FBS gained the highest 
cumulative weight gain (CLBWG) at the end of the trial 
attaining the level of 5.68 kg in comparison with G100 and 
G25 (P<0.05), GCO and G50 (P>0.05) by 3.96 kg, 4.31kg, 
5.20 kg and 5.32 kg, respectively. The best results on 
weekly live body weight gain (WLBWG), were achieved in 
G75 and the least in G100 at the end of the termination of 
the trial (P<0.05). 


Importantly, experimental concentrates applied in 
the present study were always completely consumed by the 
animals, indicating a high palatability of these concentrates 
independent of protein source. Loe et al. (2004) noted that 
diets with alternative legume seeds, such as peas and fava 
bean, did not adversely affect growth performance 
compared to soybean meal diet. Our results obtained were 
in contrast with the findings achieved by Caballero et al. 
(1992) who stated that the use of a lamb fattening diet 
largely based on fava bean gave similar growth 
performance and meat characteristics compared to the 
traditional diets based on soybean meal as main protein 
source. 


Antongiovanni et al. (2002), Martinez et al. 
(2004) and Morbidini et al. (2005) obtained results similar 
to ours on young growing lambs fed fava bean seeds (50- 
60% of the diet) as the sole protein source in concentrate 
mix increased daily weight gain demonstrating the already 
high protein value of fava beans for growing lambs. Duke 
(1981) suggested the fact that to reduce reliance on 
imported soybean meal (SBM) in temperate environments, 
fava bean may be alternative protein sources for small 
ruminant diets. Fava bean is used as an important source of 
protein rich food in developing countries and as both food 
and feed for animals in industrialized countries. Edwards 
(2004) showed that, tannins present in the seed coat of fava 
beans have limited effect on broilers, pigs or ruminants. 
The trypsin inhibitor activity in fava beans is not well 
documented but appears to be low. In agreement to what 
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was proposed by Liener (1976), Dvorak et al. (2006) and 
Esenwah and Ikenebomeh (2008) that stated that the 
nutritional value of leguminous proteins might be limited 
by the presence of antinutritional factors. The protease 
inhibitors, trypsin and chymotrypsin, are perhaps the most 
widely distributed of all antinutritional factors in legumes. 
Monogastrics are thought to be more susceptible to the 
effects of antinutritional factors than ruminants. In fact, for 
ruminants, trypsin inhibitors are not considered important 
(McDonald et al., 1973). In contrast to Cerioli et al. (1998) 
who concluded that, beans have a lower content of trypsin 
inhibitors than the soybean and can be used as proposed by 
Matthews and Marcellos (2003) in dairy rations at 
inclusion levels of up to 35%. 


Feed conversion ratio (FCR) 


The highest values (inefficient) in body retention of lambs 
per week (wFCR) were observed in animal group fed 
100% FBS (S100) that calibrated between 60.3% at the 
end of the 1% and 40.3% by the end of the 8" week in 
comparison with results obtained in animal group fed 100 
% SBM (SCO). This can be explained, by consuming more 
feeds to convert them to body weight gain and at the same 
time getting less live body weights due maybe to the 
overall effect of antinutritional factors found in fava bean 
seeds which was included as a sole legume ingredient 
(100% FBS) in ration. Moreover, results that are more 
efficient were achieved in groups S50 and S75 whose 
animals were fed a combination of SBM: FBS in different 
proportions. If to compare the overall average results 
among lamb groups for the whole period we observe that 
wFCR in group S75 (4.36) was less than what was 
obtained in groups SCO (4.67), S50 (4.71), S25 (5.31) and 
S100 (6.89). Nevertheless, lambs of group S100 
inefficiently converted feeds into body weight gain than 
animals of other groups. It was noticed that from the end 
of the 1st week wFCR in S100 was inefficiently (P<0.05) 
higher (6.71) than groups S50 (3.31), SCO (4.17), S75 
(4.01) and S25 (5.34) as well (P>0.05). This can be 
explained by the findings reported by Miller (1980) that 
fava bean protein is highly soluble in the rumen. Whereas, 
Emiola and Gous (2011) agreed that Fava bean feeding at 
various levels did not affect digestibility. However, 
Fulpagare (1993) reported that as the level of fava bean 
increase (from 25 to 100%) in the diet of lambs, the 
digestibility of dry matter (Ether extract and crude fiber) 
increase, while that of nitrogen-free extracts (NFE) 
decreases. The best results accumulated (P<0.05) at the 
end of the experiment for lambs was in S75 (4.39) 
followed by S100 (6.82), S25 (5.39), SCO (4.74), and the 
most efficient was S50 (3.92). 


Once more it was shown that rations containing 
no SBM like in group G100 have negative effect on 
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conversion of rations to meat by consuming more feeds 
and gaining less weight. On the contrast treatment G75 
whose animals were fed rations containing only 25% of 
SBM with 75%, FBS has maximum positive effect on 
conversion of feeds to meat. This can be explained by the 
findings reported by Miller (1980) that fava bean protein is 
highly soluble in the rumen. Whereas, Emiola and Gous 
(2011) agreed that Fava bean feeding at various levels did 
not affect digestibility. However, Fulpagare (1993) 
reported that as the level of fava bean increase (from 25 to 
100%) in the diet of animals, the digestibility of dry matter 
(Ether extract and crude fiber) increase, while that of 
nitrogen-free extracts (NFE) decreases. 


Although in the trial conducted by Brand et al. 
(1995) performance was not reduced when fava beans 
were included at 0.2 kg of the diet, which was in contrast 
with our findings. Nevertheless, Results obtained by 
Abbey et al., 1979; Guillaume, 1977; Rubio et al., 1990; 
Reddy et al., 1985; Marquardt, 1989; Wiseman & Cole, 
1988; Jansman et al., 1995 and Knox et al., 1995) were in 
agreement with our findings. Where performance has been 
reduced by the inclusion of fava beans this has been 
attributed to the content of condensed tannins and non- 
starch polysaccharides (NSP) in the seeds. 


Thus, the development of untraditional protein 
crops may be a solution to improve the valorization of 
products and forage grown on the farm. Among alternative 
protein sources to soybean, lupine and pea seeds have been 
successfully used in diets for dairy cows in European and 
American countries (Murphy et al. 1987). In addition to 
these legumes, field beans (FB, Vicia faba L.) could 
represent another interesting alternative, as recently 
suggested by Volpelli et al. (2010) in a study with dairy 
cows fed organic diets. 


IV. CONCLUSION 


In summary, the 50: 50 and 75: 25 proportion of FBS: 
SBM improved bofy performancr profile compared to 
values reported for conventional fattening diets, without 
additional metabolizable protein-concentrate 
supplementation. 
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